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Abstract flexible devices of large area with relatively uniform
We have investigated the formation of polymer thickness. The Liquid Crystal Institute has successfully
walls using a patterned electric field for rugged demonstrated a four-inch-square bistable reflective
liquid crystal (LC) displays. The patterned electric ~ PSCT display with 320 by 320 pixels [6] and a writing
field induces patterned phase separation. The LC tablet, fabricated from high polymer content
molecules segregate in the high electric field regions, formulations using plastic substrates. However, the
i.e. pixels, whereas the monomers segregate in the high polymer content formulations produce dense
low field regions, i.e. inter-pixels. Subsequent polymer networks that result in significant light
photo-polymerization forms polymer walls between scattering in the focal conic state. Light scattering
the pixels. We discuss the features of polymer walls reduces the color purity and brightness of reflected light
formed by using this novel method. in the planar state, and consequently, the contrast of a
display.
Introduction. In order to improve the brightness and contrast
Cholesteric liquid crystal materials have been ofwhile maintaining the structural benefits of polymer
great interest for reflective display applications. Theseetworks, polymer walls have been formed in high
materials have been utilized to prepare displays thajolymer content PSCT displays [7]. The formulations
have two stable states at zero field: a selectivelyvere composed of ultraviolet (UV) curable monomers
reflective planar state and a weakly scattering focahnd chiral nematic liquid crystals. The formation of
conic state [1-3]. The first bistable, polymer stabilizedpolymer walls was carried out by irradiating selective
cholesteric texture (PSCT) devices involved a lowarea of a cell with UV light through a patterned photo-
concentration of photo-curable monomers dispersed ifhask. This technique utilizes phase separation induced
the cholesteric liquid crystal mixture. by photo-polymerization [8]. This method was also
Relatively high polymer content formulations have used by researchers from Sharp in the formation of
also been used to produce bistable reflective PSCholymer walls for the fabrication of axially symmetric
displays [4-6]. These formulations have some potentiasligned microcells (ASM) [9] and polymer matrix
advantages over the low, or no, polymer contensuper-twisted nematic liquid crystal displays (PM-STN-
formulations since polymer networks greatly increasg CDs) [10]. The polymer walls in the inter-pixel
the mechanical stability of displays. The networkregions not only improve the electro-optic
adheres the top and bottom substrates, and providescharacteristics of PSCT displays, but also provide

self-sustaining polymer structure making possible

ISSN0098-0966X/98/2901-$1.00 + .00 (c) 1998 SID



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
1998 2. REPORT TYPE 00-00-1998 to 00-00-1998
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

A Novel Method for the Formation of Polymer Wallsin Liquid
Crystal/Polymer Displays

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

Liquid Crystal Institute K ent State University,Kent ,OH,44242-0001 REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE 4
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



excellent pressure resistance preventing distortion of function of the NOA65 concentration (10 — 30% w/w)
display image [7,10]. [12]. The results show that the phase separation
In this paper we present a novel method for theemperature during cooling increases with the patterned
formation of polymer walls in high polymer content field in the experimental range of field strength up to
formulations, using patterned electric field-induced17.8 Vium. The optimum concentration of monomers
phase separation. This new method does not requirefar polymer wall structure was found to be close to the
photo-mask. Utilizing the electrodes used to address wolume proportion of the inter-pixel regions of the cell.
display provides a simple lower cost process for the In order to find the optimum formation
fabrication of a rugged LC display. temperature, the polymer walls have been formed at
different temperatures using plastic substrates with
Patterned-Field-Induced Wall Formation resolution of 100 dpi. The formulation contained 15%
The patterned electric field is produced using aw/w) of NOA65 and 85% (w/w) of a BLO61/E44
cell with a cross pattern of indium tin oxide (ITO) (76/24) mixture as CNM. Cells were capillary-filled

electrode lines. The cell gap was controlled using 4.with the homogeneous, isotropic mixture at 100°C, and

pm plastic sphere spacers. The formulation we havkept for 5 minutes before an electric field (AC, 60 Hz)
studied was a mixture of a chiral nematic mixtureof 17.8 Vim was applied. With the field applied, the
(CNM) and photo-polymerizable monomers such asell was cooled at 1°C/min and maintained at a lower
Norland optical adhesive 65 (NOA65). The cell wastemperature and kept for 70 minutes from the start of
filled with this homogeneous, isotropic formulation, andcooling. The cell was then UV-irradiated for 20
the electric field was then applied using the electrodeninutes to cure the NOAG5 monomers using an Electro-
lines of the substrates. Lite ELC 4000 unit of 25 mW/cintensity at 365 nm
Since the CNM has a larger dielectric constantwavelength.
than the monomers, it experiences a greater force from  Figure 1(a) shows polymer walls obtained by
the fringing fields around the inter-pixel regions subjectcooling to 60°C. The walls are a “honeycomb” type
to Kelvin type force of the form [11]: with rough boundaries in the inter-pixel regions. Figure
F=POE oo (Eq. 1)  1(b), however, shows that solid, well-defined walls with
whereP is the polarizability of the material afidis the ~ sharp and smooth boundaries can be obtained by
field strength. The CNM molecules, therefore, arecooling to 30°C. This result indicates that, during
forced to segregate in the high-field regions, i.e. pixels¢ooling with the field, two competing factors of
and the monomers segregate in the low-field regiongholecular diffusion and material viscosity play
i.e. inter-pixels. Subsequent blanket UV-irradiationsignificant roles on the patterned phase separation. As a
forms polymer walls in inter-pixel regions as a result ofresult, the optimum temperature profile for patterned
patterned phase separation. field-induced phase separation and, consequently,
The effect of a patterned electric field on the phasdolymer wall formation starts at a high temperature with
separation temperature of a CNM/NOA65 mixturefavorable high diffusion and ends at a low temperature

formulation during cooling has been investigated as a
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where the high viscosity maintains the patternecklectrode line pattern strongly affects the patterned

separation. separation.

Figure 2. SEM micrograph of polymer walls obtained
from a CNM/NOAG65 (90/10) mixture formulation
using glass substrates of 200 dpi with an electric
field of 17.8 Vum.

Reflectivity Improvement with Polymer Walls

Reflectivities of the cells derived from
CNM/NOAG65 mixture formulations using glass
substrates of 80 dpi have been compared in their green

planar states, as shown in Figure 3. The cell using

temperature-induced phase separation followed by UV-

Figure 1. SEM micrographs of polymer walls obtained curing, i.e. without polymer walls, shows a maximum

from a CNM/NOAGS (85/15) mixture formulation  reflectivity of 35%. However, the cell with polymer
using plastic cells of 100 dpi: The cell was cooled - ) o )
from 100°C with 17.8 \{im at a rate of 1°C/min Walls exhibits a maximum reflectivity of approximately

to (a) 60°C and kept for 30 minutes, or (b) 30°C,509 even though both cells were obtained from the

and then UV-cured for 20 minutes. )
same formulation of 10% (w/w) NOAG65. The large

_ ) ) increase is due to the decrease in light scattering from
Using glass substrates with a resolution of 200 dpi, _ ) )
the polymer networks in the pixels. The polymer is

the patterned phase separation was also induced from a ] ] ) ] ] ]
_ ) o mostly in walls in the inter-pixel regions. Increasing the
mixture formulation containing 10% (w/w) NOAG65. _ )
concentration of NOA65 reduces the maximum

The cell was prepared in a similar way but cooled to o . o )
) ) reflectivity due to the increase in light scattering
room temperature, and UV-irradiated to form the ) )
resulting from the expansion of polymer network

polymer walls. As shown in Figure 2, the polymer o ) . ) )
) ) domains in both pixel and inter-pixel regions [12].
walls have very well-defined structure with sharp

boundaries. This result indicates that the dimensions of
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LC displays. The application of a patterned electric

field using electrodes for addressing a display induce?lo]

formed in the inter-pixel regions. In order to

understand and optimize this process we have discussrld2

composition of the formulation, the pattern of the
electric field, the field strength, and temperature. This
technique can be used with other LC devices such as
TN and STN displays.
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